Transposable elements (transposons or TEs), which are capable of transferring segments of DNA (or of being transferred) from one site to another within a genome, are abundant in eukaryotic genomes. The highly repetitive, largely noncoding sequence that is prevalent in eukaryotic genomes consists largely of TEs. TEs make up nearly half of the human genome (Lander et al., 2001 ) and an estimated 50 to 80% of some grass genomes, such as that of maize (Meyers et al., 2001 ). Eukaryotic TEs can be divided into two classes: class-1 elements (retrotransposons) transpose via an RNA intermediate, whereas class-2 elements (DNA transposons) do not (reviewed by Feschotte et al., 2002) . There are numerous families of TEs within each class, based on features that include length and target site preference. TEs of both classes are further classified as autonomous or nonautonomous, based on whether or not they encode, within the element, the proteins necessary for their own transposition. Nonautonomous TEs retain specific borders and certain other features characteristic of their families (which may include portions of transposase genes) and are transposed by means of proteins encoded by other, autonomous TEs within the same family. Most TEs found in present-day genomes are nonautonomous and are presumed to be remnants of autonomous TEs that have experienced deletions, inversions, or other rearrangements (Feschotte et al., 2002) .
Until recently (Kapitonov and Jurka, 2001 ), all class-2 elements were thought to transpose via a "cut-and-paste" mechanism that results in terminal repeats and target-site duplications flanking the element (Craig, 1995) . Kapitonov and Jurka (2001) described a new type of DNA transposon, called a Helitron , that is presumed to transpose as a rolling circle replicon, similar to some known prokaryotic rolling circle transposons. The Helitrons were discovered by computational analysis of genomic sequences from Arabidopsis, rice, and Caenorhabditis elegans . The analysis consisted of searching genomic sequences for DNA repeats (prospective TEs), grouping repeats into distinct categories, and then generating consensus sequences for presumed autonomous elements without the various insertions and deletions present in inactive or nonautonomous copies. The Helitrons discovered in this "in silico" The distinct hallmarks of Helitrons are shown: insertion between the host nucleotides A and T, 5Ј TC and 3Ј CTRR termini, and a palindromic sequence capable of forming a hairpin loop near the 3Ј terminus. The diagram overlays an image of a maize ear obtained from the Maize Genetics and Genome Database (www.maizegdb) segregating for the sh2 and closely linked a1 (structural gene for anthocyanin biosynthesis) alleles.
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analysis were found to make up ‫ف‬ 2% of the Arabidopsis and Caenorhabditis genomes and also were found in the rice genome. However, there has been no genetic evidence or direct proof for an autonomous Helitron , and it is not entirely clear that these elements are in fact transposons. In this issue of The Plant Cell , Lal et al. (pages 381-391) present evidence that the maize genome harbors a recently active Helitron -like element (Figure 1 ). This intriguing discovery increases the likelihood that Helitrons are TEs. Lal et al. (2003) found the Helitron -like element within the Shrunken2 ( Sh2 ) gene in the mutant sh2-7527 , which appears to have arisen spontaneously in a conventional maize breeding program in the 1970s. sh2 mutants are characterized by kernels with poorly developed, shrunken endosperm tissue (Figure 1 ), resulting from mutations in the Sh2 gene, which encodes the large subunit of ADP-Glc pyrophosphorylase (Bhave et al., 1990) . The Sh2 protein is a key enzyme in starch biosynthesis and is produced exclusively in the endosperm; sh2 mutants contain a much lower concentration of starch and a much higher concentration of Suc than the wild type. Because seed starch content is a major determinant of maize yields, characterization of this locus has been of interest for many years (Tsai and Nelson, 1966; Smidansky et al., 2002) .
PROPERTIES OF MAIZE HELITRON
Distinguishing features of the Helitrons identified by Kapitonov and Jurka (2001) are that they lack terminal repeats and do not duplicate host insertion sites; instead, they carry 5 Ј TC and 3 Ј CTRR termini, palindromes of variable sequence capable of forming a 16-to 20-bp "hairpin loop" structure 10 to 12 bp upstream of their 3 Ј termini, and are inserted precisely between host nucleotides A and T. The (presumed) autonomous Helitrons encode a DNA helicase and one or two copies of a nuclease/ligase, similar to genes encoded by known prokaryotic rolling circle replicons. Most Helitrons were classified as nonautonomous because they did not encode the complete set of proteins found in the consensus elements and they shared only the common termini and other structural hallmarks with the "autonomous" Helitrons (Kapitonov and Jurka, 2001 ).
The Helitron-like insertion within the Sh2 gene of mutant sh2-7527 carries distinct hallmarks of Helitrons described by Kapitonov and Jurka (2001) , including insertion between the host nucleotides A and T, 5 Ј TC and 3 Ј CTRR termini, a palindromic sequence capable of forming a hairpin structure at the 3 Ј end of the element, and a lack of both terminal repeats and duplication of the host sequence (Figure 1) . The probability that this represents a random insertion event rather than the activity of a Helitron transposon is extremely low. The Sh2 Helitron insertion lacks any portion of sequence associated with a DNA helicase, but it contains two open reading frames that were determined to be pseudogenes for an RNA helicase and a protein similar to a sorting nexin, a family of proteins involved in vesicle protein trafficking in other eukaryotes. Lal et al. offer the interesting hypothesis that the active RNA helicase encoded by a putative autonomous maize Helitron might be able to recognize RNA/DNA hybrids and thus target transposition to genes undergoing transcription.
EVOLUTIONARY CONSIDERATIONS
Current theory holds that the evolution of plant genomes is characterized by repeated rounds of large-scale genome duplication followed by selective gene loss (Ku et al., 2000; Gaut, 2001 ). In the maize genome, retrotransposon insertions appear to have brought about a doubling of genome size (from 1200 to 2400 Mb) within the last 3 million years (SanMiguel et al., 1998) . Against the backdrop of these large-scale phenomena that have major impacts on overall genome structure and evolution, it is important to recognize that smaller events can have major evolutionary consequences. Helitrons have a number of features that suggest that they might be of considerable evolutionary importance. First is their possible role in gene duplications. Kapitonov and Jurka (2001) suggested that Helitrons might function as "powerful tools of evolution" by virtue of their apparent ability to recruit or "capture" host genes and multiply and modify them in the host genomes. The suggestion by Lal et al. that Helitrons may target transcriptionally active genes is particularly interesting in this regard. A second idea proposed by Kapitonov and Jurka (2001) is that geminiviruses (which appear to be limited to plants and which employ a rolling circle replication mechanism) evolved from plant Helitron transposons. Interestingly, integration of geminiviral DNA into the tobacco genome has been reported (Ashby et al., 1997) . Thus, further investigation and analysis of plant Helitrons might lead to increased understanding of geminiviruses.
RECENT ACTIVITY?
The estimate by Kapitonov and Jurka (2001) that Helitrons make up ‫ف‬ 2% of the Arabidopsis and Caenorhabditis genomes and are present in rice leads to the prediction that these elements exist in other plants as well as in other eukaryotes. Kapitonov and Jurka (2001) also concluded that Helitrons have been transposed "recently" in the rice genome (although this was not defined precisely) because a particular consensus sequence, called Helitron2_OS , was represented by two ‫ف‬ 15-kb copies that are 99% similar. The insertion in sh2-7527 is ‫ف‬ 12 kb and was found to be highly repetitive in maize in hybridization experiments. Thus, it is possible that autonomous as well as numerous nonautonomous copies of this element will be found eventually in the maize genome. It is also of interest that this particular element apparently multiplied in the
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maize genome after divergence from a common ancestor with its close relative sorghum, because hybridization with sorghum genomic DNA produced evidence of only one or two copies of the element.
The assertion that the nonautonomous sh2-7527 element was inserted very recently in the Sh2 gene rests on the assumption that this mutant arose in the 1970s. Maize mutant sh2 was described as early as 1949 (Mains, 1949) , and numerous mutant alleles have been characterized (Hannah et al., 1980) . The mutant sh2-7527 allele is considered to have arisen spontaneously in the 1970s in Oliver Nelson's breeding program at the University of Wisconsin. However, it remains possible that it is an ancient allele that simply had not been discovered previously. Ultimately, what is needed to establish the existence of active Helitron elements is genetic evidence for an autonomous element and further evidence of Helitron movement in other locations within the genome. Nancy A. Eckardt News and Reviews Editor neckardt@aspb.org
